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INTRODUCTION

This report presents a synopsis of the methodological approach
and techniques used throughout the entire contract, including results
documented in the first three reports of this study (1,2,3), as well as in
the present report. Muchofthe methodusedis explicit inthe reports of
the study, and this report is intended to synthesize or summarize the
method. In addition to presenting the method used for the SST study,
an attempt was made to generalize the method so that it might be
applied to other studies concerned with the derivation or investigation
of crew requirements in other manned systems. This general approach
to study of crew requirements evolved during the SST crew requirements
study and incorporates methodological improvements resulting from the
study. Throughout this report, the general approach to a crew re-

quirements study will be outlined after related aspects of the SST study.

Figure 1 is a schematic representation of the SST study efforts.
A tabular summary for each ot the 14 efforts is presented in this chap-
ter. The SST study approach is presented on one side of the table and
a general crew requirements study approach is presented on the other
side. After each of these 14 summaries is a discussion ot the SST

study effort, followed by a discussion ot a general study effort,

EFFORT NO. 1, DELINEATION OF SYSTEM REQUIREMENTS
AND CONSTRAINTS

DISCUSSION OF THE SST STUDY EFFORT

Delineation of SST system requirements and constraints was

accomplished by systematically interrogating various data sources.



~.prig 185 N7 Ul SIJOJJA [edTLolopoylal [edlourld "1 3anilg

¥1 £ 1
8109133 [enualod SNOLLJdWNSSV SUOTOUNJTEIN JC zq
L $3) esH UoTIIsCd SISATYNV 3 suopdumssy NOILONANATYI uoynqrielq SISATTYNY UL oute N
< - - NOILLISOd WO D + 1SS 0 T ! ——————
/peOIHIO: Mo uonoungreEW 1SS pue Aduanbaadg NOILDONNATVIN 1oL Juedar )y
MIUO 40 INFWJOTIALA
(6 |
ANIT IWLL
2w, [BaY 4340 PINQLIIFY] SUOTIOUN G NOLLONO A >
! A0 INIFWJOTIAIA
d
\ Ki| | 01 | snatraruosaa S0 L |
: SuoaUMY 10] BaN[EA FONVNYOIUEL 1820 Jtaieead
; (ssausATTISAY TTI0Hd ONINNVIN s1da0u0) NOLLONNA . saajeweded ¥ SNOLLONN A
“3UY ]} PeOTII0L, AVOTHHOM MIUD WA Uoreus wetduy 9 ALIALLOV x BuUOLOUN, UOREI2d() LSS
40 INIWJOTHATA 40 INTWNJOTIATD A0 NOLLVAIHAQ

8 _
SEUNSVIN
aAvoIIHOM
MIYO
40 INTNJOTIAIA

e proTiiom
13 JUAIIND)

Solnsesly B8UIANIIIIEIY IOUEWI0FIA]

ejeq
uonBIIWTY % z
,lmql_ Mmiqede) veumy ll.._
UOTIBJIIPIBUO) SOILSIHALIVHVYHO
sorjaU] w‘m.:uz‘ ATUD _ 53IM3ED S 1SS
1ustwGmby a1 1VIING 1 Od US1s9( WasLS AQ NOLLVANIIHU

40 LNIFNJOTIAIA

|
ﬁ eeq
; 1esIuY2a ]
ﬁ 9 sjutensunl ¥ |SINIVHISNOD sdiysuotnyelay £ 1
sjusauraambay 5 SINAWIHINDAY ‘aun] ‘paadg BIUTEIISUOY SLNIVHLSNOD

_ ~a01A 0y SHLLLALL OV red1siyg AVNOILONNA ‘apMnY pue SAI140Ud . pue sjuawaatubay NV SINIW
) Teurnitdatg) .88 HADONYIWHOANId T 7 [EUDTIDUN 7 WAISASHAS saseyd 1YIT g JLHOITA 2IUTULIOJIB] WUaS g ~JUINDAY WILSAS

40 LIIANdOTIAEA d0 NOLLVANITId J40 INTFWNJOTIAZA JO NOILVANITAC




Te100S  (9)
uolleziing  (p)
reaodwag — (9)

dlwouody  (q)
udisag (®)

SIUTBJIISUOD WIISAS ajeaulia(g e
Aoua3sisuod [ed180] (@)

Angesy (p)

Teuo1joun ()

Ted1sfud  (q)
uE@EEOuS\ow Am,v
orweukq (z)

o1eIS (1)
UO1sSSTIA (®)
!sjuowaJainbaa walsds ajeaullo( "1

s AHVININAS AOHLHIN

sdnoasd 1euoljeaado pue juswdol(aAap
jueziugoo Jo arqisuodsaa Aq passaadxs SjuUIed)S
-uo0d pue sjuswaJinbag wajsds jo uoire(10) 1

‘SILNdLNO

woa)sLs ayj jo uoljyeaado
pue juswmdo(saap 10} d91qisuodsad suoljeziuedao

Aq passaadxa sjuteaISUOD pue sijusawaJainbay 'SINANI

SS3UIA1}D9J]0 Wd3ISLg ()

ja0ddns 1euoryeaadQ (3)

juswiaedwod Jaduassed )

uotlle}s pue juswalduiod magd WYSITA (@)
juswuoJtAuyg (P)

jua W
-dinba pue swajisks aayjo ypm Lriqrredwo) (9)
astoN  (q)
aouewJojaad walsdg  (e)

110} SjUlRJISUOD pue sjuawaJdinbad 1,85 ajeautria(q 1

AHVININAS AOHLIN

sdnoasd jueziudod
J0 a1qisuodsaa 18§ Aq passaadxa sjuledis
-uo0d pue sjuswaJinbag walsks jo uoleIo)D ‘1

‘S1LNdLNO

suoljeziuegddo juezludod Jo aiqisuodsaa

Aq passaadxa SjuleJd}suod pue sjuswadinbay 'SLNANI

SjuleJ}suo)) pue

sjuswaainbay walskg jo uolesuls@ ‘1 "ON LYOAJIH

SJUTRJIISUO)) pue

sjuswaainbay wa3sdg jo uonesulrda@ ‘1 "ON LUOJAH

— |

AANLS SINHNIYINOIY MIYD TVHANID V

HOVQdddV AANLS LSS

1 "ON 10443 40 AdVININNS



The following categories of requirements and constraints were used

and/or evolved for the interrogation.

1. System performance:
Payload
Range
Speed
Subsonic and supersonic flight

Noise

2. Environmental:
Pressure
Temperature
Radiation
Ozone
Meteorological compensation

Ground operational environment

3. Effectiveness:
Reliability
Maintainability

Operational life

Safety
Standardization
4. Compatibility with other systems and tacilities.

Air Traltic Control

Aldrport:

ORIGINAL FBQE IS
OF POOR QUALITY



5. Support:
Operational

Maintenance

6. Economics

The following organizations were used for source material:

NASA

National Aeronautics and Space Admin-

istration

FAA Federal Aviation Agency

ICAO International Civil Aviation Organiza-
tion

ALPA Air Line Pilots Association

IFALPA Internation Federation of Air Line
Pilots Association

CAB Civil Aeronautics Board

FEIA Flight Engineers International Associa-
tion

IATA International Air Transport Associa-
tion

AAAE American Association of Airport
Executives

AOC Airport Operators Council

IANC International Airline Navigators Council

Insofar as possible the specific requirements and constraints
expressed by an organization or individual were quoted as we received
them. FEach specific requirement or group of requirements was
reviewed and compared with today's jet operations, The comparison
was made with respect to crew variables, operational variables, and
flight deck design. Where these variables appeared to differ from
today's jets, or were unique to the SST, specific statements or dis-

cussions were presented. Any requirement, or group of requirements,



which was analyzed to be different from today's jets or unique to the

SST represents an area where the impact on crew role may need more
specific investigation,

DISCUSSION OF A GENERAL STUDY EFFORT

Delineation of system requirements and constraints is a process
of systematic investigation. Anne Story (ref, 4) suggests four categor-
ies of criteria for evaluating man-machine systems: material, mechan-
istic, logical, and final. These criteria are excellent for system
requirements and were used in building a general methodology for this
effort, Analogous categories of system requirements are used in the
general study approach, i.e., functional, logical, and mission require-
ments, In addition, reliability has been included as another category
of requirements, The following categories of constraints are also used:
social, economic, temporal, design, and utilization. It should be
stressed that the precision with which any criterion is identified as a
requirement or a constraint is not important as there is obviously
some confusion in practice in attempting to classify criteria, It is
only important to identify as many criteria as possible, In general,
however, requirements refer to those criteria which relate to system
performance. Constraints generally refer to those criteria which
relate to the limitations under which the system must be developed
and operated. The suggested general categories of requirements and
constraints are defined below,

Requirements

1. Physical requirements. These refer to the physical compon-

ents (machine or human) per se of a system, Physical

requirements may be further categorized as material or

human, In either case, these requirements are usually akin



to standards which must be met by the system design. Machine
parts may be qualified with respect to load requirements, for
example, of voltage, pressure, heating, etc. Analogously,
human components may be qualified by such measures as age,

height, weight, 1Q, level of training, etc.

Functional requirements. System requirements are often

expressed as the functioning of various subsystems which

are described in terms of input and output boundaries related
in a more or less temporal sequence, Functional require-
ments may, therefore, be expressed for various subsystems
which operate on input information, materials, or energy, to
transform, transfer, or transduce these inputs into outputs
which may be expressed functionally, Thus the expression

of the input-output boundaries of any subsystem in parametric

terms is, in fact, an expression of a functional requirement,

Mission requirements, Mission requirements are those which

refer to the total system goals or objectives. It has been
found convenient to classify mission requirements as static,

dynamic, and environmental,

a. Mission static requirements, Mission static require-

ments refer to those expressions of system capability
which may be expressed as scalar values, The use of
the word static is a means of qualifying those require-
ments for the permissive aspects of the system rather
than the performance (dynamic) aspects of the system,
Static requirements refer to such factors as payload,

volume, weight, etc,

b. Mission dynamic requirements, Mission dynamic

requirements refer to those expression:; of system



4,

5.

performance which describe what the system must do.
The use of the term dynamic, qualifies these require-
ments as those involving the expenditure of energy in
the accomplishment of some performance to meet the

system objectives,

c. Mission environmental requirements, All systems will

operate within some environment., Mission environmen-
tal requirements then are those expressions of the ranges
of environmental factors and forces anticipated or known
to be present during periods of system operation. These
would be both atmospheric factors, such as pressure,
radiation, temperature, etc., and physical factors and

forces, such as noise, vibration, motion, etc.

Reliability requirements, These requirements refer to those

measures of system effectiveness which can be used to express
how well the system meets its other requirements, Thus the
word reliability is being used in the broad sense and may
actually refer to probability of mission success, availability,

end commission rate, etc,

Logical requirements. Logical requirements constitute the

principles for determining basic design compatibilities or
the internal and external consistency of other requirements,.

"To increase the precision of an electronic guidance device

very often means increasing its complexity and cost and

decreasing its reliability, An important question for the

system's designer is that of choosing the correct balance
among the conflicting criteria' (ref. 4 ).

a. Internal consistency, These requirements refer to

those logical relationships among the internal



components, functions, or goals of the system. They
may frequently express the trade-off criteria among

incompatible requirements, e, g., space vs. weight.

b. External consistency. These requirements refer to

the compatibility of system requirements with external
systems with which the system, or the design, must
interface, All systems under development interface
with extant systems at some point in their utilization,
and any requirements which affect this interface must

be compatible.

Constraints

1. Social constraints., These constraints refer to the limitations

on design, development, and operation because of cultural,

moral, political, lingual, religious, or personnel factors,

2. Economic constraints. These refer to the economic limita-

tions under which the system must be developed and operated.

3. Temporal constraints, These refer to the time based factors

which affect either development or operational periods of the

system,

4. Design constraints, These refer to preconceived or given

design features which limit the degrees of freedom available

in total system design.

5. Utilization constraints. These refer to given considerations

with respect to facility, personnel, equipment, materials,
etc., which also limit the degrees of freedom available for

total system design,



The general categories described above can be used to systematic-

ally delineate system requirements and constraints.

Sources for obtaining system requirement and constraint data are

typically available because considerable effort is frequently expended

to define the system prior to the awarding of a contract for system

development. Results of these definition studies are usually documen-

ted in one or more of the following types of documents:

1.
2.
3.

LN s

Specific operational requirements

Advanced development objectives

Study reports; many factors related to the input and output
states as well as changes of states of the system object are
covered in these study reports, However, the problems are
usually studied with a specific orientation and the analyst
will have to place it in the context of the system. These may
include intelligence studies concerning the vulnerability and
defense capability of the targets or the various ways in which
the target changes of states can be accomplished. The com-
plexity of the analyst's job would depend to a large extent on
the extent of coverage of these study reports. However, the
results of the reports must be placed in the context of the
overall system as defined by both the analyst and the system
directive documents,

Study program directives

Study program plan

Request for proposal

Contractor's proposal

The contract and work statement

Another important source of information is the user group.

Frequently, it is assumed that user groups will be biased towards
their own specific problems and will tend to provide unnecessary con-

straints rather than be of assistance in the development of the system.

10



While this may often occur, it is also true that a system can only be
as good as the personnel who use and maintain it. In addition, user
groups frequently encounter problems with which the contracting group
or the contractor are not aware. There are cases when unnecessary
constraints can be established, However, these are primarily cases
when the users' problems are accepted at face value and no attempt

is made to examine the problems thoroughly. The user groups repre-
sent a potentially large source of information about the performance
characteristics of the family of means. This potential will not be
realized unless user groups are interrogated thoroughly for variables

relevant to development, i, e,, variables which can be controlled

through development, System planners and designers frequently make
the error of contacting only the management levels of user groups.
This is unfortunate since users at the "'working level' are usually
aware of many problems with which management is not familiar,
Furthermore, management and the working level have different per-
ceptions of many problems. Both groups must be contacted if a valid

representation is to be obtained.

EFFORT NO, 2, DEVELOPMENT OF SYSTEM CONFIGURATION

DISCUSSION OF THE SST STUDY EFFORT

The United States SST program is currently in a design competi-
tion stage between configurations proposed by the Boeing Company and
Lockheed-California Company. Since the study described in this report
was in no way concerned with evaluation of these two design confligura-
tions, the SST characteristics delineated were general enough to encom-
pass both the variable-sweep and double-delta configurations proposed

by Boeing and Lockheed, respectively.

11
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DISCUSSION OI' A GENERAL STUDY EFFORT

This effort is concerned with delineating the first cut design
configuration for the system of concern, Configuration as used here
is the broad svstem concept for operations and support, Ordinarily
the operational and support concepts are gencrated by the customer

representing the ultimate user,

System development usually proceeds through several levels of
detail, but in general three levels of development are sufficient as a
methodological basis, These three levels of system development are
oriented toward the development of human performance within systems
rather than hardware per~formance and are referred to here as (1)
System analysis and design, (2) functions analysis and design, and (3)
task analysis and design (ref. 5), System analysis and design is con-
cerned with the derivation of subsystem requirements and constraints
and the development of the role of man in the system configuration,
Functions analysis and design is concerned with the derivation of sub-
system functions and the allocation of these functions to men and
machines, Task analysis and design is concerned with the derivation
of human performance tasks and the design of the man-machine inter-

face for accomplishing these tasks,

The effort under discussion is concerned with the first level of
development and specifically with system design. There are many
ways to approach this effort, but in general an acceptable approach
should result in the delineation of major subsystems and their inter-
relationships. A technique for doing this at the functions level is
described in detail under Effort 7, Derivation of SST functions. As a
general approach, a technique for this step is described in Air FForce
Systems Command Manual 375-5, one of a series concerned with

Systems Managemeni, This technique results in "Top Level" and

13
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"First Level" functional diagrams, an example of which is shown as

Figure 2,

In addition to delineating subsystems and their interrelationships
this effort should also be concerned with the development of system

scope. This concept is described in Reference 5 as follows:

Ffor many large scale man-machine systems develop-
ment may also take place with respect to scope (lateral
development). For example, the New York Stock Exchange
consists of many replicated units throughout the United
States, Each of these units takes actions and processes
information locally, and transmits information to and
receives information from a central unit. The I'AA, as
an information processing system, is another example.
This process of developing many units will be called
Development of Scope, Development of scope may be
necessary at any level of development of detail from
entire systems through subsystems, functions and tasks.
The development of scope is considered to occur over a
three step range, i. e., single thread, replication, and
synthesis., Similar to the development of defail, it is not
Important for the development of scope that a particular
system development effort may not fall into three differ-
ent levels. It is important that one recognize that there
are different degrees of complexity as design solution of
different levels of detail are replicated and synthesized.

The first step in the development of scope is single
thread development, This is essentially the simplest
version of the real system which will operate on the basis
of single inputs to produce criterion outputs with the
required system reliability. The single thread design for
a fleet of supersonic transports for example would be all
of the personnel, equipment, facilities, and information
it would take to operate and support a single vehicle (see
Figure 3). The second step in the development of scope
is the replication of the whole systems, subsystems,
functions, or task designs that would be required to meet
the (system requirements)” . . . . The supersonic trans-
port fleet operation for example may require replication
of the total system (vehicle and ground support) some sub-
systems (communications for example) and some functions
and task level designs. The third step in the development
scope is the synthesis of the replicated designs into a

T .. .
Parenthetic insertion ours,
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Remote System A
(Equipment, Personnel
Facilities, Information
for Ground Operation)

S

Local System

|\

Single Thread Design

Remote System B

Remote
System B
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—_— N
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Remote
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| System '
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C 1
 S——— )
Synthesized Design
Figure 3. A simplified illustration of development of scope

at the system level of detail for a supersonic

transport fleet (taken from ref, 5).
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complete system operation., It is more than likely that the
replication of designs at any level may generate require-
ments for coordination and control which did not exist previ-
ously. To continue with the supersonic transport fleet
example, the replications of airborne and ground equipment,
facilities, personnel and information for the operation of
many aircraft to many terminals obviously requires a great
deal of scheduling, dispatch coordination, enroute control,
and terminal area coordination and control in order to
synthesize the replications into an effective complete
system. Most of the synthesizing performances are obvi-
ously FAA activities in this simplified example.

To reiterate, the system development process must
encompass both the development of detail and of scope.
The detail development efforts are referred to as sub-
system, function, and task levels and the scope of develop-
me nt efforts are referred to as single thread, replication,
and synthesis steps. Most exploratory or experimental
systems are developed in detail and there is little neces-
sity for the development of scope.

EFFORT NO. 3, DEVELOPMENT OF MISSION PROFILES

DISCUSSION OF THE SST STUDY EFFORT

An SST operational flight was divided into different operational
phases along a relative time continuum. The basic operations of the
SST are sequential in nature and thus lend themselves readily to par-
titioning in this manner. Flight phases were developed to completely
define the flight regime in terms of phases which begin and end with

specific operational events or situations.

The SST flight profile obtained depends entirely on a specific
aircraft configuration and payload, the particular route being flown,
and atmospheric conditions which exist along the route. The profile
information provides an orientation to SST performance and a base

line for later analysis.

17
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No particular route of flight was chosen for the flight profile
developed here, Rather, a maximum range flight of 4000 statute miles
was used as the basic route. As far as meteorological and atmospheric
conditions are concerned, all data were developedon the basis of a
standard day and a no wind condition using U.S. Standard Atmospher..

Data (1962) as a basis for any calculation

Generally, the optimum flight path for SST performance will be
dependent on aerodynamic efficiency and fue] economy within the
structural limitations of the aircraft, However, the optimum flight
path cannot be flown in commercial operations because of cons idera-
tions of sonic boom and air traffic contro] Figures 4 and 5 are the

general profiles or, more correctly, flight envelopes for the SST.

each phase. The twelve different flight phases used in this study are
listed below.

Takeoff
Initial climb
Subsonic climb

Transonic acceleration

1
2

3

4

5. Supersonic climb
6. Cruise

7. Supersonic descent

8. Transonic deceleration
9. Subsonic descent

10. Letdown

11. Approach

12, Landing
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The flight phases were described in terms of typical performance
characteristics, aircraft characteristics, environmental conditions,
air traffic control situation, airport characteristics, and occasionally,

problems which might be expected.

DISCUSSION OF A GENERAL STUDY EFFORT

Mission profiles are generally developed by partitioning the total
operation mission into a sequential series of distinct phases bounded
in terms of critical events or environmental phenomena. The phases
are plotted against a meaningful base, usually elapsed mission time or
distance. The phases may also be plotted against a second dimension,
e. g., altitude. Mission profiles may be as detailed as necessary and
several profiles may have to be developed to account for all mission
requirements or detail. Reference 6 discusses the mission profile
technique and provides some basic illustrations which are included
here as Figures 6 and 7. Reference 6 discriminates between these
two types of profiles; Figure 6 is a mission phase description and
Figure 7, a mission phase segment description. Mission phases should
be described in as much detail as possible using system operational
parameters, mission environmental phenomena, and unique operational

considerations and problems.

EFFORT NO, 4, DELINEATION OF SUBSYSTEM FUNCTIONAL
REQUIREMENTS AND CONSTRAINTS

DISCUSSION OF THE SST STUDY EFFORT

The delineation of SST subsystem and functional requirements
and constraints was very similar to Effort 1, delineation of system
requirements and constraints. For this study, in fact, the two efforts

were done essentially at the same time. Since Effort 4 concentrated
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Figure 6. An example of a mission phase description
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on subsystem and functional requirements and constraints, it was
necessary to have the system characteristics delineated and two
flight profiles developed before the effort could be effectively accom-
plished. The following categories were used and/or evolved for
Effort 4.

1, Functional requirements:
Takeoff and climb

Cruise

Approach and landing
Flight planning

Speed

2. Subsystem requirements:

Flight control
Navigation
Communications
Power plant

Fuel

Hydraulié
Pneumatic
Electrical

A/C Ground control

3. Flight crew requirements:

Protection
Qualifications
Training
FFlight deck

4. Passenger requirements:

Passenger protection and comfort

Interior design
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DISCUSSION OF A GENERAL STUDY EFFORT

Subsystem and functional requirements and constraints can be
defined using the criteria and categories for system requirements and
constraints described under Effort 1. For Effort 4, subsystems will
have already been identified (Effort 2 ), and functional performance will
have been identified (Effort 3), the requirements and constraints can be
Inore specific than in Effort 1. Subsystems are also meant to include
personnel so that any unique requirements pertaining to the crew (or
passengers) should also be identified in as much detail as possible.

EFFORT NO, 5 DEVELOPMENT OF POTENTIAL CREW ROLES

DISCUSSION OF THE SST STUDY EFFORT

The approach used to develop requirements and constraints for
potential SST crew roles was essentially the same as the general study
approach discussed next. The reader is referred to the following dis -
cussion both for the SST ag well as the general case.

DISCUSSION OF A GENERAL STUDY EFFORT

The principal emphasis of this effort is on the development of
requirements and constraints for potential crew roles. A philosophy
relevant to this effort has been expressed by Price, Smith, and Behan

in a previous study by Serendipity Associates (ref. 5) which states in
part as follows:
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should be compared, for system performance, while
others suggest that men and machines are not compar-
able but are complem entary. Some suggest that man
should be designed into the system where possible,
others suggest man should be designed out of the
system where possible. There are numerous contro-
versial issues concerning man's capabilities and limi-
tations for system performance. The philosophy
adopted here is (1) that man has certain unique capabil-
ities and limitations which cannot be compared against
machines, (2) there are many types of performance in
which man can participate or which can be automated,
and (3) for those performances where man does parti-
cipate there is an optimum design to complement his
capabilities and limitations. In general it may be
stated that the concept proposed here is to develop a
design solution for trade -off which exploits man's
capabilities and compensates for his limitations.

Four questions must be considered:

1. What are the limitations that constrain man's use
in the system? This question must consider both
system and individual factors, such s the following:

a. Man comes in only one physical model and
can only be integrated into the system concept
as a physical whole, with certain general char-
acteristics of size, weight, shape, strength,
etc.

b. Man has certain performance limitations
such as sensitivity, reaction time, number of
information channels, rate of operation, envir-
onmental stress tolerance, etc.

c. There is a definite price to pay for main-
taining reliable performance potential in man,

in terms of training, maintenance of proficiency,
manuals, handbooks, instructions and other job
guides.

d. Man has physiological needs. His perform-
ance deteriorates rapidly when these physiologi
cal needs, such as nourishment, environmental
protection, sleep, comfort, and general health
are not satisfied.

e. Man has psychological needs. His perform-
ance usually deteriorates over prolonged periods
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of high stress or nonactivity, and can change signi-
ficantly as a result of such psychological variables
as motivation, frustration, conflict, fear, etc.

2. What systems performance requires man? It is assumed
that there are some types of performance which must be
implemented by man, at least within the present stale-of-the
-art. Shapero, Rappaport and Erickson! develop a criter-
ion for deciding when man is required in the system. They
assert:

'In any system (-r function) of human design,

man is necessary wherever the assumptions .
concerning the relationships between inputs

and outputs are subject to re-examination

and restructuring in the operational context. '

This criterion is restated 'in a more limited form
for use in analyzing functions . . . | (page 21) as follows:
In any system (or function) of human design, man is neces - -
sary wherever the form, and/or content of all of the inputs
and outputs cannot be specified. '

We do not necessarily believe that this is the sole
criterion, or that there is in fact a simple single criter-

is required for system performance. For example, the
Tesson of the Mercury program can be stated as a criter-
ion for human participation. In any system (or function)
of human design, man is necessary wherever an auto- —
mated performance possesses a high likelihood of failure

or malfunction during the period of mission accomplish-

ment.

3. What system performance could be implemented by
man? This question is concerned with those kinds of

ally or by man with machine aids (mechanized) or (2) by
machine alone (atuomatically . There are a wide range

of system performances at all levels (subsystem, function
and task) which can be performed by man or by machine,.
For example, consider the requirement for monitoring the
electrical output of a piece of equipment. This monitoring
may be accomplished automatically with comparator cir-
cuits or by man viewing the output on a display (mechan-
ized). The optimum manned design should be developed
and the choice between this and other designs (manned or —
or automatic) must be the choice between this and other

An approach to functions analysis and allocation.
Stanford Research Institute, Contract AF33(616)6541.
Project No. 9(88-7184), 1961,
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designs (manned or automatic) must be based on trade-off's
considering system effectiveness, reliability, cost, etc.

4. Given man's required (question 2) or feasible (question
3) inclusion in the system, what can be done to use his
unique capabilities to maximize his performance reliabil-
ity in the system? This question is concerned with 'human
engineering' in its grammatically correct sense, i.e., we
can 'engineer the human' to affect his performance. True
--We cannot lengthen his arms, increase his range of
auditory perception, or make him do things he is not
intrinsically capable of, but we may 'engineer’ his attitude.
This can be accomplished by actually changing his attitude
through psychological techniques or designing acceptance
features into the system during development. Man has
other unique capabilities, such as his ability to learn and
to adapt, which must also be considered with respect to
increasing system effectiveness.

Reference 5 also discusses in some detail considerations of human

limitations, required crew performance roles, and unique human cap-
abilities.

The limitations which constrain the crew's effectiveness should
be the first consideration in developing potential crew roles for any
system. Human limitations may generally be considered as anthropo-
metric or ecological. Anthropometric cénstraints are probably obvious,
but ecological constraints may be less so. Ecology is the study of the
relationships among organisms and between them and their environment,
The ecological relations between man and his environment place limits
on man's ability to perform. The demands which an individual places
on his environment may generally be classed as physical, physiological,
and psycho-social. Reference 5 gives some examples of ecological

constraints in these three categories as follows,

1. Among the physical constraints one may list:
Temperature control
Humidity control

Illumination control
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Communications means
Protection from discomfort
Protection from danger

Potential for emergency escape

2. Among the physiological constraints one may list:

Provision for potable water

Provision for nutritive substances

Breathing gases, oxygen, nitrogen, carbon dioxide,
and water balance

Ventilation

Movement and exercise

Accommodation of the human diurnal cycle

Sanitation and bodily cleanliness

Waste disposal, urine, feces, sweat, flatus

Detection of long range aberrations in respiration,
digestion, cardiovascular function, endocrine
function, metabolism, dermatological changes

Treatment for trauma and disease

3. Among the psycho-social factors one may list:
Neurological stability
Emotional stability
Mental stability
Maintenance of motivation
Maintenance of alertness
Provision for ingesting water and food

Acceptance factors in waste disposal

In the case of the SST, human limitations were considered under
two different headings: (1) those limitations of performance which
result from an interaction of the performance environment and the
human; (2) those performance limitations arising from characteristics

of the vehicle.
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Once the limitations which constrain the crew's effectiveness are
delineated, consideration can be given to protection and sustenance con-
cepts to compensate for these limitations. In those cases where the
natural environment is hostile to man or where mission duration is long
enough to require logistic support for human sustenance, compensating
support requirements can be determined. Such requirements can then
be evaluated as to the cost and effectiveness of protecting or sustaining

man in a potential role.

The next consideration is the development of required crew per -
formance roles. Man is usually required to participate in systems
either because his presence is mandatory, or because he excels in
some system situations. Where man is mandatory, there is no option
for automation. However, where man excels in a system, there are

options for automation, but a manned solution may be the best option,
In general, man's presence is essential to:

1. Achieve satisfactory system reliability.

2. Perform management and control tasks
which require judgment as opposed to
selection among specifiable and specific
choices.

3.  Perform non-system oriented tasks.
Increase the diversity of missions which

the system is capable of achieving.

Even though man is not mandatory, many systems will include
man's performance because the manned solution surpasses automatic
performance. The areas in which man excels are varied and difficult
to categorize and discuss. Price, Smith and Behan (ref. 5) note that
while the literature contains many statements which compare men and

machines, "these are two very large classes of things. "' They further
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discuss many qualifications which must be considered in comparing

men and machines and indicate that man's role in system performance

can only be evaluated within the context of a specific system. Neverthe-

less, three general roles for man in a system configuration have

emerged:

Man can contribute to system effectiveness by
operating system equipment. This may include
starting and stopping, continuous control, ad-
justing, trimming or correcting, overriding
part or all of a subsystem, switching to a
standby or backup system, testing, and initia
ting and accomplishing emergency or non-

routine procedures.

Man can substitute for system equipment.
This includes such things as programming,
sensing, selecting, storing information,
monitoring system equipment, and periorm-
ing manipulative actions unfeasible to

mechanize.

Man provides capabilities not possible with an
automatic system, such as observ ing and record -
ing ephemeral information, anticipating failure
and decision making. In general, man can
function in situations in which alternatives can-
not be specified in advance and therefore cannot

be programmed in an automatic system.

Specific manned system performance can be investigated for any

system of concern within the context of these three general roles.
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For the SST crew, there is relative agreement about the roles in
which man is mandatory. What is subject to controversy are those roles
in which man is not mandatory, but may be used. This. of course, is
basically a consideration of the automation problem--what should be
automated and what should be left to the skills of the crew.

In a previous study (ref. 5) for the Ames Research Center,
Serendipity Associates developed a rationale for the philosophy that
there is an optimal manned design solution for any system require -
ment, i, e., there is an optimal role for man in any system. However,
the optimal manned solution may not be the best over-all system solu
tion when cost-effectiveness criteria are used to evaluate all solutions.
The concept of an optimal manned solution is introduced here to point
out the variables used in the Ames study (reference 5) to evaluate man's
role. An optimal manned design solution was defined as "one in which
man has the most responsible/authoritative /acceptable role which he
can perform while also being protected and sustained. " These three
variables (i e. , responsibility, authority, and acceptance) are also
useful to describe different potential roles for the SST crew with respect

to major operational considerat ions,

Responsibility refers to the criticality or effect of role on mission
performance and safety. In this usage, responsibility does not relate
to the number of activities in which one is involved, but rather, to the
criticality of the activities in which one is involved. The responsibility
involved in the crew's role is directly related to the crew's accountabil -
ity for critical activities.

The means which permit man to exercise control over his areas
of responsibility or the manner in which he is assigned to manage his
operational responsibilities constitute man's authority., The SST crew
will be assisted greatly by the design of the airplane and its systems in
a variety of areas of responsibility,
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At this point it is desirable to distinguish between manual, mecha-
nized, and automatic task performance. Manual task performance
implies that a man performs the task, that he generates or accomplishes
whatever power, energy, or energy transduction is required, and further
that he controls the application of power or directs the utilization of the
given energy. No assumptions are made about the nature of the task.

It may utilize human receptors or effectors, or both. The definition
does not preclude the use of tools (e. g., a chart, a lever or a telescope)

which merely extend man's raw capabilities.

Mechanized task performance implies that a man performs the
task, while a machine generates or accomplishes whatever power,
energy, or energy transduction is required, but that a man controls the
application or directs the utilization of the given energy. Again, no
assumptions are made about the nature of the task. In this case, the
tool does more than extend man's raw capabilities. Examples are
powered flight controls, search radar, a bottling machine or a desk

calculator.

Automatic task performance implies that a machine performs the
task by generating or accomplishing whatever power, energy, or energy
transduction is required, and that a man controls the application of the
power or directs the utilization of the given energy. In automatic task
performance man plays a more remote role. He may determine what
is to be done, and perhaps how, as in the use of a digital or analog
computer. He may set the limits for an automatic control like a thermo-
stat. He usually monitors the output to determine whether it meets
certain minimal standards of accuracy. He initiates and may terminate
the operation of the automatic device, as in the use of an autopilot or a

record changer.

To return to the discussion of man's authoritative role, as used

here, operational authority is concerned with the degree of automation
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of all activities for which the crew is responsible, since authority is
essentially how activities will be performed and what part the crew will
play. Specific means of performing specific functions will be the objec-

tive of the next phase of this study.

Man-machine system design has typically utilized data as to man's
sensory, perceptual, cognitive, and motor capabilities in allocating
functions to man or machine, and in designing interfaces. However,
man's motivational system (i. e., acceptance) has not been systematic-
ally included in man-machine system design. This is a serious error
because a highly motivated man can compensate considerably for poorly
designed equipment and thus maintain system output. Conversely, a
man who is dissatisfied with a machine function, due to status, economic,
or survival fears, or who prefers to perform the function manually, may
not properly use equipment which has been designed to fit all other

criteria. Consequently, the system output may suffer.

Acceptance is extremely critical and will have a maximum effect
on roles and system effectiveness. As the design of man's role is a
major output of system design, it is Important to include acceptance
factors at this stage. Acceptance factors should also be considered in
later design efforts, but they become less and less critical as task
design is approached. Acceptance considerations can have other effects
besides those on system effectiveness. For example, the acceptance,
or more correctly, non acceptance of flight deck concepts and equip-
ment by the SST crew can also present a serious economic problem.
If costly equipment is designed and installed on SST but is not used (or
at least not used effectively) it is certainly a waste of money. It should
be stressed again that responsibility, authority, and acceptance consi-
derations related to potential crew roles must be considered in the con-

text of specific systems.
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The composition and qualification of the crew in any system is a
problem as complex as many of the engineering problems associated
with a system design. Final decisions concerning the crew will un-
doubtedly have to be based on empirical as well as analytical research
results. However, at this stage, it is not unreasonable to develop
initial considerations concerning crew composition, size, and qualifi -
cations. Finally, as part of this effort, it is also reasonable to consi -
der initial crew compartment concepts, or as in the case of the SST,
flight deck concepts. These considerations may definitely influence
potential crew roles as well as the number and qualifications of crew

members.

EFFORT NO, 6, DEVELOPMENT OF PERFORMANCE ACTIVITIES

DISCUSSION OF THE SST STUDY EFFORT

A set of SST performance activities was developed to "interrogate'
the flight profile phases as an aid in deriving functions, and to organize
the functions on the function-flow logic diagram developed in Effort 7.

In the first case an extensive list of activities was used to maximize the
probability of being inclusive. The first list of activity classes derived
for SST is shown in Table 1. For the second case, an attempt was made
to reduce the number of activities to 6 to 10 mutually exclusive activity

classes. The final list of activity classes is shown in Table 2.

DISCUSSION OF A GENERAL STUDY EFFORT

Activity classes comprise broadly defined activities which can
occur during system operation and maintenance. These classes are
used to derive operational and maintenance functions and therefore
must include all types of performance required of operator and mainte -

nance personnel in manning the system. However, the activity classes
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Table 1.

10.
11,
12,
13.
14,

15,

16.

17.

18.

19,

Pre-flight Planning
Ground Control

Flight Control

Attitude, Direction, Altitude, R-of-C, Airspeed

Configuration Control
Navigation

Flight Planning
Communication

Record Keeping

Passenger Accommodation
Power Plant Operations
Fuel Mané.gement

Electrical Power Operations
Hydraulic Power Operations
Pneumatic Power Operations

Environmental Control

Lighting, Air Conditioning, Pressurization, Radiation

Meteorological Compensation

Weather avoidance, Weather protection
Traffic Vigilance
Procedure Verification

Post Flight Debriefing

40

Initial List of SST Performance Activities.




Table 2, Final List ot SST Performance Activities

o

Flight Management

Phase Oriented System Checks
Communication

Power Plant Operation

Flight Control

Inlet Nozzle Configuration

Navigation

41




Table 3. General Activity Classes,.

Operations

B. Selection among alternatives

Communication 4. Handling
A. Air-Ground A. Transport
B. Intra-Facility B. Storage
C. Inter-Facility

5. Decision Making
Control A. Doctrinal
A. Continuous
B. Intermittent C. Judgment
C. Independent

6. Discriminations
Monitor A. Recognition
A. Active B. Identification
B. Semi-Active C. Comparison
C. Passive

Maintenance
1. Recognition of Maintenance Need

A. Scheduled

B. Operator Reports

C. Malfunction Indicator
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Table 3. General Activity Classes. (Concluded)

Maintenance, (Continued)

Isolation of Unit Requiring Maintenance

A. Troubleshooting

B. Automatic Checkout

Resolution (maintenance action)

A. Repair

B. Replace

C. Align or adjust
D

Service

Inspect and Check

Supervise, Coordinate, and Control
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used need not be mutually exclusive, Of course, activity classes have
to be related to the specific system under development, but a general

example is presented in Table 3.

EFFORT NO. 7, DERIVATION OF SYSTEM FUNCTIONS

DISCUSSION OF THE SST STUDY EFFORT

The approach used to derive SST functions was essentially the
same as the general study approach discussed next. The reader is
referred therefore to the following discussion for the SST study as well

as the general case.

DISCUSSION OF A GENERAL STUDY EFFORT

Analytical techniques used to derive functions are diverse and
perhaps specific to the individual doing the analysis. A detailed dis-
cussion of various functions analysis techniques is well beyond the
scope of this study effort. Serendipity Associates uses a technique
which results in a function-flow logic diagram like the one presented
in Ref. 3 for the SST study program. A simple exampleisshownas
Fig. 8. This analytical technique is described in papers written by
Serendipity staff members Price,1 and Inaba. 2 In essence, the tech-
nique results in the delineation of all system functions in parametric
or performance terms such that each function is bounded by an input
state and an output state. Relationships between functions are also
described by the paths or distribution of these input and output states
between functions. As was previously stated, the technique yields a
function-flow logic diagram which usually expresses information flow,
although in the general case it could also represent energy or material

flow.

Price, H. E., Criteria and Guidelines for Developing Work Analysis
Diagrams: An Informal Technical Paper.

Inaba, Kay, Development of Man- Machine Systems: Some Concepts
and Guidelines.
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The first step in the analytica: technique is to select an activity
(developed in Effort 6) which is a primary or "'multiplicative' activity
of the system under consideration. Multiplicative, as used here, refers
to an activity which must be successfully implemented if the primary
goals or output of the total system are to be met. Expressing this
another way, if any primary activity (or any function, a part of that
activity) is not performed, then the probability of the final system

output occurring is zero, or at least approaches zero.

The primary activity is then used to interrogate each phase of
the mission profile (or flight profile in the case of SST) to derive speci-
fic functions of that activity for each mission phase. In effect, this is
a technique for successively partitioning an activity into smaller units
of performance associated with each mission phase. Derivation of
functions within an activity may be enhanced by the advance selection
of critical performance, environmental, or other system parameters,
which can be analyzed to determine whether their status changed during
the mission phase. A change of state in any of these critical parameters
would delineate a function. A function defined in this fashion, (i. e., by
its input and output states) represents some kind of performance which
is necessary to effect the change from input to output state, and is
expressed in purely performance terms rather than means terms. In
other words, functions can be delineated in terms of what must be done

rather than how it must be done.

The process of deriving functions is continued for all activities
through all mission phases until all the parent functions have been
derived. All the functions may then be combined in a function-flow dia-
gram by literally connecting the input states and output states of all
functions, and using logic symbols to show the dependencies, contin-
gencies, alternatives, and interactions between functions. The logic
symbols used by Serendipity Associates are shown in Table 4, Functions
are generally laid out on the flow -logic diagram in chronological order,

from left to right, although no real time base is imposed.

47



Table 4. Distribution Symbols - Their Use & Meaning
Symbol Use Meaning
A
B X | A, B, and C are all
’ necessary to
C obtain X
”and”
A
X B When X is present
- & | A, B, and C should
result
A
x | Either Aor B
—— | (but not both)
B can result in X
"either/or"
A
X The presence of
— B X results in a or
B (but not both)
A
B X A, B, C, AB, BC,
—» | AC, or ABC will
C result in X
"any or all"
: A
X When X is present
A, B, C, AB, BC,
C | AC or ABC may

result
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EFFORT NO. 8, DEVELOPMENT OF CREW WORKLOAD MEASURES

DISCUSSION OF THE SST STUDY EFFORT

In order to assess crew workload,some measure of crew partici-
pation was needed because (1) every operation in which a crew member
participates may not require his total attention, and (2) each human
being has only a given capacity which can be employed in a performance
situation. Rather than using an arbitrary rating scale, it was decided
that the opinions of current jet crew members concerning the workload
associated with tasks they perform would have greater reliability and
validity. Validity of these data was based on the supposition that if a
man believed a certain type of task required all his attention or capacity,
then for all practical purposes, he was completely loaded. A perform-
ance restrictiveness scale was developed as the measure of workload.

Five degrees of restrictiveness were chosen as follows:

Non-restrictive
Lightly-restrictive
Moderately restrictive

Severely restrictive

Completely restrictive

Next, two questionnaires were prepared for pilots and navigators
which itemized certain tasks performed in current jet operations.
Recipients were asked to rate the restrictiveness of each task. Time-
to-perform data were also requested where appropriate. Question-
naires were administered both by mail and in person. A sample cover
letter, the two questionnaires and their accompanying instructions are
presented on the following nine pages. Approximately 100 pilot ques-
tionnaires were distributed with a usable return of 32; approximately

70 navigation questionnaires were distributed with a usable return of 37.
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AR ARl .. . 5 LU WL TR, TR YT
serendipity associates

9760 COZYCROFT, CHATSWORTH, CALIFORNIA / 341-0033

Dear Pilot:

Serendipity Associates is under contract to the National
Aeronautics and Space Administration to study the Operational
Crew Task Requirements of Supersonic Transports (SST). At
thistime we are concerned with "workload' and interested in
Pilot opinion as to the restrictiveness of some of the tasks found
in today's commercial jet operations. This will assist us in
evaluating potential crew workload in the SST.

Calling upon your experience, to obtain the necessary
information, we have developed a short questionnaire to elicit
the necessary information. We would appreciate very much
your filling out the enclosed questionnaire and returning it in the
self addressed stamped envelope as soon as possible.

We have been working with the ALPA in the United States
and the IFALPA also, as well as with many of the airlines. Their
help andyours is very important to us as we are very concerned
with the opinions of personnel who may ultimately fly the SST.

Thank you for your cooperation.

incerely,

Harold E. Price
Principal Investigator
SST Crew Requirements Program

HEP:dg

Encl,
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Directions for filling out Questionnaire

Please fill out personal information at the top of page one,

(Your name is for reference only and will not be used. )

Down the page at the lett of the questionnaire is a partial list
of tasks performed in the cockpit of the aircraft. To the right of these
tasks are six columns., The first column reads "Task Performance not
applicable (any reason)'". If performance of the task is not your concern
then put a check in that column and go on to the next task.

If you do perform the task we would simply like you to rate the

task as to restrictiveness. By restrictiveness we mean the degree of

attention the task requires of a pilot, thereby restricting his performing
any other of his tasks at the same time. For example, pushing an ON-
OFF switch to turn on some lights may not restrict you from monitoring
a display and consequently would not be very restrictive. On the other
hand, looking through the aircraft windscreen to try and locate the run-
way lights while breaking out at 200 feet may be considered very restric-
tive since your degree of attention may restrict you from performing any

other task at the same time.

We have listed five degrees of restrictiveness. The choices
(degrees) are: (1) non-restrictive, (2) lightly restrictive, (3) moderate-
ly restrictive, (4) severely restrictive and (5) completely restrictive.
If the performance of the task you are rating does not preclude your per-
forming other pilot tasks you would put a checkinthe "non-restrictive"
column, If performing the task requires such a degree of attention on
your part as to restrict you from performing any other task simultaneously
then you would check the ''completely restrictive' column. If a task doesn't

fall into either of those categories but is somewhere in between you would
check one of the three remaining restrictiveness columns.

o1



Finally, when applicable we would like to know the average
time it takes to perform the task one time under normal conditions.

Note this time at the far right in the space provided.

We realize that there may still be questions in your mind as

to filling out this questionnaire. It may help to follow these rules:

1, All the tasks are performed under instrument conditions.

2. When you rate task restrictiveness remember that we are
not concerned with your ability to perform emergency or

non-routine tasks but only other routine pilot tasks.

3. Where a task may vary in restrictiveness as to airport,
aircraft, etc. take the average condition. For example,
flying a standard instrument departure at a certain air-
port may be so complex because of the airport's peculiar
procedures or locale, as to make the task much more
restrictive than normally, We are not concerned with

this unique situation but only the typical situation.
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Directions For Filling Out Questionnaire

Please fill out personal information at the top of page one. (Your

name is for reference only and will not be used.)

Down the page at the left of the questionnaire is a partial list of
navigation type tasks performed on the flight deck of the aircraft., The
first column across the top reads '"Task Performance Not Applicable
(any reason)'. If performance of the task is not your concern then put

a check in that column and go on to the next task.

If you do perform the task we would like you to name the general
type of equipment which you are using in the performance of this task
and check in the appropriate column whether your performance of that
task is completely manual, partially automated, or performed completely

automatically by the equipment.

Next we would like you to rate the task as to restrictiveness. By

restrictiveness we mean the degree of attention the task requires, there-
by restricting the operator from performing any other of his tasks at the
same time. For example, pushing an ON-OFF switch to turn on some
lights may not restrict you from monitoring a display and consequently
would not be very restrictive. On the other hand, converting a plotted
point representing a fix of the aircraft's position into exact geographical
coordinates may be considered very restrictive since your degree of

attention may restrict you from performing any other task at the same time.

We have listed five degrees of restrictiveness. The choices (degrees)
are: (1) non-restrictive, (2) lightly restrictive, (3) moderately restric-
tive, (4) severely restrictive and (5) completely restrictive. If the per -
formance of the task you are rating does not preclude your performing
other routine tasks you would put a check in the '"non-restrictive' column.
If performing the task requires such a degree of attention on your part as

to restrict you from performing any other task simultaneously then you
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would check the ''completely restrictive' column. If a task doesn't fall
into either of those categories but is somewhere in between you would

check one of the three remaining restrictiveness columns.
Finally, when applicable we would like to know the average time
it takes to perform the task one time under normal conditions. Note

this time at the far right in the space provided.

We realize that there may still be questions in your mind as to

filling out this questionnaire. It may help to follow these rules:

1. All the tasks are performed under instrument conditions.

2, When you rate task restrictiveness remember that we are

not concerned with your ability to perform emergency or

non-routine tasks but only other routine navigation tasks.

3. Where a task may vary in restrictiveness as to airport,
ground aids, aircraft, etc. take the average condition.
We are not concerned with the unique situation but only the
typical situation.
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The tabulated results are contained in Table 4 which is the composite

workload scale.

DISCUSSION OF A GENERAL STUDY EFFORT

The development of crew workload measures necessitates the
use of a performance restrictiveness scale in a general approach just
as in the method used for the SST. The same scale used for the SST

should be appropriate for the general case. This is a five-point scale

as follows:
1. Non-restrictive
2, Lightly restrictive
3. Moderately restrictive
4, Severely restrictive
3. Completely restrictive

The definition of restrictiveness may be clarified by an excerpt from

the SST questionnaire as follows:

By restrictiveness we mean the degree of
attention the task requires of a pilot, thereby re-
stricting his performing any other of his tasks at
the same time. For example, pushing an ON-OFF
switch to turn on some lights may not restrict you
from monitoring a display and consequently would
not be very restrictive. On the other hand, looking
through the aircraft windscreen to try and locate the
runway lights while breaking out at 200 feet may be
considered very restrictive since your degree of
attention may restrict you from performing any other
task at the same time.

Next, it is necessary to develop criteria for rating functions
relative to the restrictiveness scale; or as was done for the SST study,
equivalent task ratings may be developed from empirical or field

research data. The authors are not familiar with any effective criteria
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No, Range _ No. Range
Task No, R |D. P.| Min. | Max. T {D.P. Min, VMax,
Pl.| Predict fuel over destination. 2,28 | 31 i 5 1137 | 30 0.16 3
P2, [ Verify ETA validity, 2,18 | 31 1 4 104" 24 .05 §
P3. ] Receive, copyv and verify ATC clearances or )
revisions, 3.17{ 30 1 3 1'04" | 28 0.25 3
P4, | Intercom announcement, 2.72 ] 32 1 5 1'15" | 26 0,0133] 3
P5. | Claculate wind velocity and relative bearing. 2.82 | 30 1 5 1127 | 27 0. 2%
P6. { Calculate drift and ground speed. 2.031 30 1 5 1'11" | 28 0,033 4
P7.1 Evaluate aircraft speed vs, runway remaining )
on take-off for take-off/abort decision. 2.45 1] 29 1 3 8147 | 10 0.016] 1
P8. { Fly one minute holding pattern without use of
autopilot. 2.81 ] 32 1 3 340" | 13 1 4.0
PY. | Fly one minute holding pattern using autopilot .
COURSE-HOLD, 2.25 ) 32 1 3 438’ i2 1 4.5
P10. | Fly a standard instrument departure manually. 2.84 | 32 1 4 3227 11 i 10
P11,1 Fly a standard instrument departure using )
autopilot COURSE-HOLD, 2.52 | 31 1 4 3'247 ) 10 3 10
P12, | Flv standard instrument approach manually, 3,44 | 32 1 5 305" | 18 2 10
P13, Fly standard instrument approach using auto- )
nilot COURSE-HOLD. 3.06 | 32 1 5 3'05 13 2 10
P14, | Fly I1.S final approach manually, 3.59 ] 32 1 3 332" ] 13 ] 2 ,
P15, | Flv ILS final approach using autopilot coupler. 3.10} 32 1 3 3'453 12 ] 2 ]
P16. | Maintain runway centerline and wings level (
attitude during take-off roll, 3.19 | 32 1 b} 850" | 12 0.5 1.5
P17, Perform pre-descent check. 2.27 1 30 1 b B35 1 10 0. 16 1.5
P18. | Reconfigure aircraft for landing (flaps,
spoilers, gear, etc,) 2,23 | 31 1 4 'O |1y 0.05 4
P19, ] Maintain constant MACH cruise speed. 1.70 | 30 1 4 0247 8] 0. 04 1
P20. | Monitor engine performance instruments !
during take-off, 2,33 24 1 3 @' 3K |11 0,03 1
P21, | Verify \ OR station identification, 2,13 31 1 5 916" | 18 0.05 0.5
P22, ] Maintain cosmzance of enroute weather con-
ditions via all cockpit instrumentation
(radar, temnerature guages, etc.) 2,101 31 R 4 [ W 6 0.05 2
P23, | Vectoring aircraft through storm, using [
airborne weather radar. 3,30 | 36 | 1 h 428" [ 0.25 10
P24. | Monitor communications to other aircraft in
terminal area, 2,631 32 1 4 27477 | 3 0.16 |10
P25, | Monitor autopilot operation at cruise. 1.47 | 32 1 2 208" | x5 0,033 10
P26. | Maintain altitude control in moderate to severe
turbulence, 3.87 | 31 2 ) 408 4 0.5 10
P27.1 Maintain obstruction and other trattic clear- {
ance from parking area to operational runwavy, 2.0 32 ; 1 3 AERER 5 1 )
N1 | Obtain position fix by means ol standard [
hyperbolic syvstem, 3.94 | 33 2 5 20867 | 30 0,5 )
N2. | Obtain position fix by means of celestial tech-
niques, 4.45 ] 38 2 5 11'o1" | 45 5 14
N3. | Perform airborne compass alignment check
via celestial techniques, 3,95 | 38 2 5 2'43" | 35 0.5 10
N4, f Unslave gyro compass and align for "free gyro
mode ' operation, 3.67 | 31 1 5 226" [ 26 | 0,12 8
N3. | Obtain position fix by means of short range
point-source system, 2,75 32 1 3 147" [ 32 0.25 |12
N6. | Verify the validity of the destination ETA. 3.16 | 32 1 5 1'44" | 32 0.33 |11
N7. | Calculate wind velocity and relative bearing. 3.24 | 37 1 5 2'34" ) 33 G.33 |30
N8. | Calculate drift and ground speed, 2.76 | 37 1 5 1'48" | 27 0.33 |11
N9, f Pre-set and reset destination coordinates in
self-contained navigation system, 3.60 | *5 2 5 587 5 0. 133 2
N10. | Determine course to steer, 3,22 ] 37 1 5 130" | 32 0.25 110
N1l.] Maintain geographic plotof navigational situation. | 3, 24 | 37 1 5 1'30" | 32 0.16 |11
N12, | Calculate initial point of turn to minimize cross
track error following turn. 3.30 | 28 1 5 120" | 22 0,25 3
N13.| Derive navigational data to modify flight plan
for storm avoidance, 3.30 | 26 1 5 2'36" | 18 0.16 6
N14. | Predict fuel over destination. 3.00 | 22 1 5 1'537" [ 21 0.5 E]
N15. | Derive doppler bias error. 3.00 | 10 1 5 2'02" | 10 0.5 4
N16, | Maintain cognizance of enroute weather con-
ditions via all cockpit inatrumentation, 2,13 ¢ 23 1 3 1'52" | 15 0.5 3
N17. | Determine self-combined navigation system
accuracy following a maneuver requiring
memory operation, 3.57 | x7 1 3 2'26" | w7 0.25 6.25

*Minimal Data

Table 4. Current Jet Tasks and Restrictiveness Values for Workload Scaling,
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for rating task (or function) restrictiveness and do not recommend this
technique over the use of field or empirical data as in the SST study.

A technique for gathering field research data similar to that in the SST
approach is satisfactory--if a representative user group is accessible.
In using this technique, however, it is important to derive the task
descriptions to be rated from operations of the system in which the field
personnel (those receiving the questionnaire) are participating, not from
the system under development. In other words, a jet pilot should rate
the restrictiveness of the tasks he performs and should not be asked to
estimate the restrictiveness of SST tasks he has never performed.
However, the task descriptions used should approximate the skill and

knowledge requirements expected for the system under development.

Recently, several investigators have attempted to develop quanti-
tative approaches to workload investigation. Perhaps the most promi-
nent of these methods was developed by Senders, Lindquist, and Gross,1
based on an information theory. Siegel and Wolt’2 have developed a
computer -based technique wherein data concerning performance by
average operators constitutes part of the input data. Since these two
methods, and many more are discussed and summarized in reference
9, no attempt to review any specific method will be made here. It is
sufficient to say that any approach which results in valid quantitative
workload values developed from field or empirical research efforts is
preferable to merely estimating workload values. In any event, a com-
posite workload scale must be developed to apply to functions in Effort

11.

IZindquist, O.H., and Gross, R.L. (Minneapolis -Honeywell Regulator

Co.). Human engineering man-machine study of a weapon system.
Minn. Honeywell Regulator Co. Rep., 1958, No. R-ED 6094.

2Siegel, A.I, and Wolf, J.J. (Applied Psychological Services). A
Technique for evaluating man-machine system designs. Human
Factors, 1961, 3, 18-28.
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EFFORT NO, 9, DEVELOPMENT OF A FUNCTION-TIMELINE

DISCUSSION OF THE SST STUDY EFFORT

Development of a function-timeline for the SST was based on a
nominal flight time of 150 minutes determined during development of
the flight profile (Effort 3). Further, it was determined that perform-
ance time data for the SST functions could not be estimated or obtained
for any more precise time units than minutes. Therefore, the timeline

base was laid out in one minute intervals.

The performance time for each function was estimated from
performance times for similar functions in current jet operations
(some of this data was obtained from our questionnaires, Effort 8) or
deduced from logical application of requirements and constraints related
to a particular function. For example, some functions are performed
in the shortest time possible (e. g., phase-oriented system checks).
Other function performance times are governed by regulation or
system characteristics (e. g., flight control). Because of this differ-
ence, it was found useful to consider each function relative to one of the

following four classifications:

1. Continuous functions require some amount of atten-

tion over a continuous period of time (e. g., attitude

control).

2, Intermittent functions require the same tasks more

than once during a mission or flight (e. g. , position

reporting),

3. Phase discrete functions are those associated with

a particular phase or point of the flight profile

(e. g., lower landing gear).
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4, Independent functions allow considerable occurrence

latitude (e. g., update log book),

A function-timeline was then prepared by plotting the duration of
each function against the real-time base. Continuous functions were
plotted as a continuous line from beginning to end. Intermittent func-
tions were plotted each time they occurred and a performance time
indicated for each occurrence. The functions were ordered within

their respective activity groups on the chart.

DISCUSSION OF A GENERAL STUDY EFFORT

Development of function-timeline plots is a standard procedure
in which mission functions are plotted against a real-time base.
Reference 6 discusses techniques for developing time ordered plots in
some detail. Figure 9 presents an example from reference 6 showing

mission subsystem control events plotted against a time base,

The general approach is essentially the same as that discussed
for the SST study effort. First, a time base must be selected. While
it is important that the units of time be as small as feasible, it is not
necessary that the time base be continuous. Separate function-timeline
plots can be developed for different mission phases when the real-time
duration of the phases is quite different. It will also be useful to specify
whether system functions are continuous, intermittent, phase discrete,
or independent as defined in the discussion of the SST study effort,
Performance time values must be determined for each function and
these functions should be plotted on the appropriate position along the
real-time base. Performance time values may be estimated from
experience with, or from knowledge of, similar functions in other
systems; or equivalent task performance time ratings may be obtained
from potential user groups operating with similar equipment; or empir-

ical research data may be obtained. The functions should be grouped
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Configuration
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Figure 9. Mission subsystem control events (taken from ref. 6 ).
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within their respective activity classes for presentation on the function-

timeline chart.

EFFORT NO, 10, DEVELOPMENT OF ACTIVITY AND .
PERFORMANCE DESCRIPTIONS

DISCUSSION OF THE SST STUDY EFFORT

The principal emphasis of this effort was on the development of
implementation concepts for the SST. Implementation concepts were
developed with respect to both manual and automatic feasibility.
Associated descriptive information was also developed in addition to
the implementation concepts. Each function identified on the flow-
logic diagram and each activity class to which the functions belong
was described in some detail. Basically, the activity and function
descriptions were the same except for the level of generality used.
Six specific topics were considered in each activity and function

description as follows:

Purpose (basic requirements and constraints)

Current jet operation requirements and constraints
Current jet implementation concepts

SST potential operational requirements and constraints

Feasible automated implementation concepts for SST

D Uk W N

Feasible manual implementation concepts for SST

Chapter 2 contains a discussion of the types of information presented
under each of the six topics above and the reader is referred to that
chapter for further detail on this effort.

It should be emphasized that the important aspect of this effort
was the development of feasible automatic and manual implementation
concepts for each SST function. An extensive amount of literature was

searched and many discussions were held with cognizant personnel to
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obtain information on techniques projected to be feasible for SST. This
information on techniques together with the data developed concerning
potential crew roles for the SST (Effort 5) was thenintegrated into dis-
cussions of feasible implementation concepts for SST. These possible
implementation concepts make up the majority of the technical appen-

dices of this report.

DISCUSSION OF A GENERAL STUDY EFFORT

As in the case of the SST study effort, the primary emphasis of
this effort is the development of feasible automatic and manual imple-
mentation concepts for each system function. Associated descriptive
information may also be developed during this effort as the overall pro-
gram requires, but the basic information which the activity and function

description should contain is as follows:

Purpose of activity or function
Similar or analogous system implementation concepts

Feasible automated implementation concepts

=W o

Feasible manual implementation concepts

Purpose should describe the basic requirements and constraints
of the activity or function, or the general rationale or need for the

activity or function,

Similar or analogous system implementation concepts will gen-
erally be useful for comparative purposes. In many cases (as was true
for the SST) state of the art techniques for implementing functions of a
current family of systems are frequently similar to backup or manual
techniques for implementing functions in a future system of the same
family. Description of current system implementation concepts as well
as implementation concepts for the system under development should

include information concerning the following aspects:
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Crew responsibility
Crew equipment interface
On line equipment

Off line equipment

Performance aids

Malfunction effects

Feasible autonn ted implementation concepts and feasible manual
implementation concepts should be developed in a manner similar to that
just described for current system implementation concepts. It is
assumed here that the user of this method is not responsible for the
complete design solution, but rather, is responsible for determining
concepts for crew participation in different design configurations. If
this is true, then all feasible implementation techniques which are
identified in the technical literature or available from cognizant design
personnel should be considered. If this is not true, then the specific
manner in which the crew participates in the implementation of this
function for a specific design solution should be documented in some
detail.

70



EFFORT NO, 11, DEVELOPMENT OF CREW WORKILOAD-
MANNING PROFILES

DISCUSSION OF THE SST STUDY EFFORT

The crew workload-manning profiles developed for automatic
and manual implementation concepts of the SST are presented in Ref.
2. A partial version of one of these profiles is shown as Figure 10.
The method employed is fairly obvious in the figures. Essentially, the
crew workload measurement scale developed in Effort No. 8 was applied
to the implementation concept for each function. The resultant restric-
tiveness value determined the thickness of the lines on the plot. After
restrictiveness values determined and plotted for each function, a com-
posite profile was developed by simply adding up the restrictiveness
values for each function being performed over each minute of the mis-
sion profile. Separate composite profiles were prepared for feasible

automatic and manual implementation concepts.

The most difficult aspect of this effort was the assessment of the
restrictiveness value of each SST function in terms of the workload
measurement scale. Each implementation concept was critically re-
viewed in order to identify human performance requirements inherent
in the concept. Then, a reasonable and logical correlate was found
among those tasks listed in the measurement scale. The actual assess-
ment of restrictiveness values for each function required specific
assumptions or working rules. These are discussed in the body of the

report.

It is believed that assessment of restrictiveness values with this

technique although admittedly subjective, provided for:

1. Minimization of subjectiveness in weight assignments, and

71



o
N

\ :
_ ~ -
.iit!ivi’/////uy/// ” :2
— =
_ AW ” x
-!J‘r//.,/ﬂt//// :

L
T I ITIT I T TIT

BN

— T MmN - _
["y] a
" "

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Figure 10. Partial graph of cumulative workload.
72




1dedouod uonyejuswaidurl juaaajjip A1aea(o yoes
J0] SanjeA SSauaAl}01JIsaa ajeaedas dojsaa(
97eOSs jusawWIdINSEIW

peoldI0Mm M3aD ayj jo uoljeoirdde £q uoirjoung
9Y} JOJ 9NJBA SSOUSAI}DIIISSI B QUIWII}A(]
1doouod

uoljejuawaldwl pajewoINe B[QISEIJ Y} MI1AdY

s1daduod uolyejuswaldwil Tenurw pue
OoljewIome J0j s9joad Fuluuew-peOIHIOM MII)

Suluuew uo suUOI}OUNITRW JO S}03JH
au1] aurl}-uoljouny reuolyeaadQ
suo13ouny wajsAs reuolyeaadp

SUO1}oUNn} pue Sa1}1A1}0® WISAs [rUOL}
-egado u03 sideouoo uolyejuswatdwl 31qIses I

g3doduod uoiye)
-uawaldwt o13eWOINE SY) 1 J0] Z pue T sdajg jeaday

9NTeA SS3UIAI}OIIISaI
ayj) duiaq Jeq 9y} JO SS3UNDIY} Y} Y}IM 9[eDS JUl]
awi1}-uoljduny ayj uo  Jeq, e Se uolouny ayy 3o01d

()

(Q)
(e)

luo13ouUNy Yoes JI0g

‘1

T

*AYVININAS AOHLANW

‘SLNd1LNO

%
€
‘T

‘T

‘SLAOdNI

sidadouod uonejuswt
-a1dwt d13eWOIN®E AY) [[® JO] Z PUEB T sdoig jeadoay e

9NTEA SS3UIAIIDII}SAT
8y} dulaq Jeq 3y} Jo SSaUNDIY} Y} YN M B[BIS dul]
9WIl}-Uo1}douUny 8yj uo | Jeq, B SB UOIIdUNJ 9y} 301 °Z

1daduod uorjejuswaidwl Jusaasljp A1Iea10 Yoes
JI0J SanjeA SS9aU3AIO1IISad djeaedas doraaa(
37edS jJUdWINSEaW

peOTIOM Mdad 3Yyj jo uoijedijdde £q uoiljoung
9] J0J 9NJBA SS3UBAI}OIIISOI B SUIWII}S(]
3daduoo uo1j

-Bjuawaidwl pajewione I[qISLa] 9y} MITAIY

(@)

(Q)
(e)

luo1jouny yoea Jo4 T

*AHVININNS AOHLANW

§3daduo0d uonejuswadwl [RNUBW pue 013}
-'wojine I10j $311joad SUlUUBWI-PROINIOM MII))

Sulurew uo suollOUNITRW JO S3OBIFH
aul[ sw1lj-uo1jouny JI,SS
suo1jouny reuoljesado 1SS

SUO1}OUN] PUE S31}1A130®
LSS 103 s13daduod uolyejuswaiduil a1qises

911J0dd SUIUUEIN

m pPeBOTNIOM MaID jo juswdoisasg ‘11 'QON

AR [GRERCACE

T
‘SLNdLAO

¥

‘€

‘2

1
‘SLNOJNI

S11J0Jdd SUITUUCIN

PEOTHIOM MdID Jo judwdoraasad ‘11 °*ON LUOLIA

AdNLS SINFINHYINOAY MAYD TVHINID V

HOVOdddV AdN.LS LSS

11

‘ON LHOAAHT A0 AYVINIANS

73



s3daouod uolyejuswardunl Tenuew ay3 10j -1 jeaday s

a1joad Suruuew
B Ul S}INSaJ SIYL °9[e0S aWl}-[ead 9J13uUa 9y} I9A0

s3daduod uonyejuswaldwi [enuew ay) a0} -1 readoy ‘g

a1130ad Suruueur
B Ul S)[NS3J SIYJ, "9[e0S Jwl}-esd 3J1jUd 9Y3} JIJA0

suotrjouny [Ie J10j Sanea SSaU3AII01I}SaJ ay3} dn wing ‘¥ SuOljouny [[e J0j SaN[eA SSIUIALO1IISaI Y} dn wng ‘P
(ponunuo)) :XYVININNAS AOHIAWN (ponunuod) :AYVININNS AOHLIAN
oI surueny 311J0dg BUTUUEIN

peoTHaoM Mmaa) jo juswdolaasa@ °I17 ‘ON LYOAAH

peorjaom maa) jo juswdoraaad ‘11 "ON LHOJAAHA

F” — - _ —
Mt —— —

—

L

AdALS SINFINHHINOTY MHAYD TVHEANID V

it tetei—

HOVOdddV AdNLS LSS

1T ON LYOJd4H 40 AYVININNS

74



maximization of reliability and validity, by the utilization of

average values obtained from experienced personnel.

2. The establishment of a numerical value which represents a
measure of the referent and is in a form amenable for alter-

ation or variation on a prescribed scale.

3. Consistency in the assignment of weight factors to SST

functions with highly similar perfor nance requirements.

There might be some concern over the reliability and validity of the
restrictiveness values obtained utilizing this technique. However, at
this advanced stage in the SST development, given the absence of any
empirical data, we believe this technique to be practical for prelimin-

ary investigation of workloads.

DISCUSSION OF A GENERAL STUDY EFFORT

In the general case the method described for the SST study is
also appropriate. Any attempts to improve the method should be
directed at improving the technique for developing specific workload
measures for each function. As was stated in the discussion of the SST
study effort, it was necessary to subjectively correlate the tasks
presented in the workload scale for current jet operations with the SST
implementation concepts according to their performance similarities.
A better technique would be to prepare in advance, task descriptions
which are correlated with the functions of the system under develop-
ment, and then to obtain restrictiveness data from representative user
groups about these tasks. This would eliminate the necessity for
subjective matching when the data are obtained. In any case, once
restrictiveness values are established for each function, the same
techniques used in the SST study can be employed in plotting these

restrictiveness values and developing a cumulative crew workload-
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manning profile for the entire mission.

EFFORT NO.12, MALFUNCTION ANALYSIS

DISCUSSION OF THE SST STUDY EFFORT

One of the basic objectives underlying this study was to obtain
and analyze malfunction data on current commercial jet aircraft to

provide:

1. A basis for estimating the effect of malfunction on crew work-
load.

2. A basis for indicating where problems exist in current jets
and where emphasis might be placed on SST design, human

engineering and training.
3. A basis for programming malfunctions in SST simulation.

The specific kinds of data used and the sources of these data are dis-
cussed in some detail in Ref, 1, In essence, data were available
from the FAA concerning current jet malfunctions categorized accord-
ing to the ATA 100 Series Aircraft Systems. These data were analyzed
and recomputed as necessary in order to prepare bar graphs showing
the number of failures of each system per thousand hours of operating
time, and the distribution within subsystems of the failur es for any
system. Examples of these graphs are presented in Figures 11 and
12,

DISCUSSION OF A GENERAL STUDY EFFORT

Techniques similar to those described for the SST study effort
can be used for the general study effort if equivalent malfunction data
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AIR CONDITIONING 3479 * ELECTRICAL POWER 2,34% *
Compression 20. 17% Generator Drive 25, 38%
Distribution 16. 05% AC Generation 38. 627
Pressurization Control 13. 02% DC Generation 8. 55%
Heating 1.52% External Power 5. 93%
Cooling 36. 23% Elect. Load Distribution L18. 90% . , .
25 50 75 100
Temperature Control 8. 89% Percentage of Failures
Humidity Regulation .65% ) .
Iy N 4 4 Electrical power subsystem failures.
25 50 75 100
Percentage of Failures
Afr conditioning subsaystem failures.
AUTO PILOT 10,979 * EQUIP, / FURNISHINGS 637 * —
Amplification 20. 25% Flight Compartment 11, 67%
Actuation 12. 66% Pass. Compartment 16. 097,
Controlling 27. 437, Buffet/Galley 29, 027
Indicating 2.11% Lavatories 3. 15%
Sensing 8. 44% Cargo & Accessory Comp'rt 27, 44%
Coupling 18, 14% Emergency 11, 999%
L e e d e + "
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Percentage of Failures Percentage of Failures
Auto pilot subsystem fau{xres. Equip. /furnishings subsystem failures.
COMMUNICATIONS 3.24% ® FIRE PROTECTION . 657, *
HF 34, 30% Detection 03
VHF 37 86% Extinguishing 6. 10%
PS & P E 25 56 75 100
. tai
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Audio Integrating 9, 39%
Static Discharging . 65%
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Communications subsystem fallures,

* These figures indicate percentages of those failures not attributable to any particular subsystem within the system.

Figure 12. Distribution of system failures among subsystems.
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are available from a current system or family of systems corresponding
to the system under development. In situations where such data are
not available, the malfunction analysis effort may require knowledge
of the system reliability or effectiveness requirements. These, in
turn, will permit allocating reliability to each function, determining
the MTBF for each function, and determining the probability of failure
for each function during a mission. Since these techniques are compli-
cated and influenced by the specific system under consideration, they
are beyond the scope of this study. The desired result of this effort,
however, is the same regardless of the technique used, namely, a
determination of the frequency and distribution of malfunctions for all
system functions. If these data can be derived, then the effect of mal-

function on crew workload and manning of the system can be projected.

EFFORT NO.13, DEVELOPMENT OF SYSTEM
MALFUNCTION ASSUMPTIONS

DISCUSSION OF THE SST STUDY EFFORT NO. 13

The assumptions formulated for relating current jet malfunction
data to SST malfunction effects have been presented in Chapter 3 of
Reference 2 and are not repeated here. It is important to point out that
the primary objective in developing such assumptions was not to imply
definite SST reliability or malfunction statistics, but rather to provide
a basis for analyzing potential effects on manning if SST system fail-
ures follow the same pattern as current jet system failures. Whenever
SST system reliabilities can be validly established, effects on crew

workload and manning can be more directly calculated.
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DISCUSSION OF A GENERAL STUDY EFFORT

In general approach, the techniques for accomplishing this
effort are again quite complex and beyond the scope of the present
study. In essence, it is necessary to proceed through the following
three steps. First, a maintenance concept must be developed. The
maintenance concept should identify the level and locat ion of various
maintenénce activities associated with each function, as well as the
implementation concept for these activities. This implementation
concept or concepts must include a description of the crew (or tech-
nician) participation in implementing maintenance for each function.
Second, the mean time to repair and/or reconfigure the function based
on the specific implementation concepts must be determined in order
to project the workload associated with each malfunction and the main-
tenance concept relevant to resolving the malfunction. Third, the in-
crease in manning due to malfunctions may then be determined by
assessing or determining a workload associated with each malfunction

and the mean time to repair or reconfigure the malfunction.

EFFORT NO.14, CREW COMPOSITION ANALYSIS

DISCUSSION OF THE SST STUDY EFFORT

As a final effort in the SST study, a preliminary crew composi-
tion analysis was performed. This analysis was not conducted in order
to recommend the size or individual qualifications of crew members,
rather it was aimed at investigating workload distributions which might
be readily converted to actual performance combinations for simulator
research. The general approach and techniques used for this effort of
the SST study are presented in Chapter 4 of Reference 2 and will not be
repeated here. The approach used for the SST was, however, very
similar to the approach discussed for a general crew requirements

study in the following paragraphs.
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DISCUSSION OF A GENERAL STUDY EFFORT

The usual procedure for determining positions and manning in
systems is to (1) determine task, skill and knowledge requirements,
(2) group the tasks with similar skill and knowledge requirements into
positions (to minimize training), and (3) determine manning by exam-
ining tasks on each position and, therefore, number of persons per
position. The approach suggested here is somewhat different in that
manning requirements are determined first, a reasonable number of
crew positions is then selected commensurate with the total manning
requirements, and finally, the total system performance is distributed

into the various position configurations.

If the method described thus far has been followed, the resulis
of Efforts No. 1l and No. 13 provide an analjtical estimate of the total
manning required for system operations and malfunction effects. This
total manning estimate may then represent a nominal value for the
total number of crew members or positions which can be expected. A
reasonable number of crew positions may also be influenced by systems
constraints as, for eiample, in the case of the SST. Here the total
number of crew positions will be two, three or four, and cannot prac-
tically be ten, for instance. In the general case, however, manning
estimates should allow identification of a reasonable range of crew

positions to be investigated.

Next, it is necessary to derive criteria for grouping activities and
functions. The five criteria listed and defined below are general criter-

ia which can be applied to activities and functions in order to group

them.

1. Sequence and temporal considerations. The sequential nature

of events during operation may be a requirement for cluster-

ing functions into a single position. Similarly, consideration
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should be given to avoiding assignment of functions to a given

position when the functions occur simultaneously.

2. Equipment considerations. Functions relating to a particular

equipment configuration should be grouped so as to involve

the smallest number of positions.

3. Homogeneity of qualifications. The skill, knowledge, and

personnel characteristic requirements for any one position
should be as homogeneous as possible. This refers to both
homogeneity of content area and homogeneity of training
level, Clustering in terms of homogeneity of qualification also

conforms with a logical training and selection program.

4. Constraints imposed by the system design. A number of

constraints upon the grouping of functions into positions may
be imposed by (a) the location required for a certain position,
(b) the assignment of responsibility to certain positions, and
(c) the interaction of certain functions even though they may
not be sequential. In the case of the SST, the system design
constraints are principally those of 'piloting'' the aircraft
which must be done from the two positions located in the front
of the flight deck (normally the pilot and copilot position).

5. Compatibility with personnel classification and career structure

policies. It is desirable that each position have a bona fide fit

to an existing or potential career field.

The criteria above should be applied to all activities and functions in
order to group them. Once groups of activities or functions have been
obtained, the cumulative workload for each group should be determined.
The groups of activities and functions may then be distributed among the

available positions. This distribution of groups of activities and functions

85



must be done for each possible number of crew positions. The same
criteria used to group the activities and functions initially may also be
applied to distribute the groups of activities and functions into various

crew pogitions.

When all of the activity and function groups have been distributed
into positions, workload profiles may then be developed for each posi-
tion in a manner similar to the profiles developed in Effort No. 11, that
is by summing the instantaneous workload values over each unit of time

for the entire time line base.

Once activities and functions have been distributed into the various
crew position configurations, the basic qualifications required to man
any position can be deduced from the basic skills and knowledge associ-

ated with performances assigned to that position,
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